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by G. Fred Lee, PbD, PE, D££, Pres., G. approaches towards the management of attached to the su.,’faces of organic and
Fred Lee & Assoc. & Anne Jones-Lee, sediment-associated constituents in inorganic suspended sediments through
PbD, VP, G. FredLee &Amocf~.tes erosional materials are changing signifi- soriy, ion reactions. Such reaaions occur

canfly. No longer is there technical through bonding between the heavy
TIlL control of erosion is often ~astification for the control of particulate metal and.the particulate matter sun~ce.

iustified from several perspectives, forms of heavy metals in erosional Such bonds can be q.uite strong and
including controlling the water quality materials. It is now becoming morecan, in fact, render the heavy metals
impacts of the erosional materials in thewidely understood that lyarticulate-asso- inert with respect to their impacts on
receiving waters for the runoff carrying elated chemical constituents, such as aquatic life.
the eroded materials. In addition toheavy metals, many types of organics, In the early 1970’s, the National
problems of turbidity - water discol- etc., are in non-toxic, .non-availableAcademies of Sdence and Engineering
oration, siltation that adversely affects forms and can for all practical purlx:w~(NAS/NAE) appointed an advisory
aquatic life habitat, and the physical be considered inert in the carriagepane] to develop a set of water quality
fiLLing of the waterlxxiy with accumulat- waters fogthe erosional materials as well criteria. These criteria were designed to
ed sediments, eroded materials oftenas the ultimate receiving waters for therepresent the maximum concentration
transport various types of chemical eroded materials. This paper reviewsof chemical constituents that could be
constituents such as pesticides, heavy some of the key issues associated withpresent in a water without adversely
metals, nutrients, and various types of evaluating and regulating the water impacting a beneficial use, such as the
organics that at some locations in somequality significance of chemical propagation of f’,.ch and aquatic life. It
waterbodies cause water pollution - constituents associated with eroded was well-known at that time that panic-
impair the designated beneficial uses ofmaterials, ulate forms of heavy metals and for that
the water. While these "pollutants" may matter other potential pollutants were
not be associated with the eroded Regtflatory Approaches non-toxic and therefore not available to
sediment at the location where erosion aquatic life to a sufficient extent to be
takes place, many eroded sediments The regulatory approaches that adverse to their numbers, types and
have appreciable capacity to sorb - take have been used for the last 20 years forcharacteristics in a waterbody. The
up dissolved constituents from the regulating the concentrations of heavy NAS/NAE developed the "blue book" of
water, causing them to be transported metals have been intimately tied to theWater Oualitv Criteria - 1972 (NAS/NAE,
with the pa~culate matter. For manywater quality significance of particulate 1973).
types of potential After exten-
pollutants, the pd- sive review,

courses isa.~x:iat- htghways an~[ ~�~_.¢aI areas has heen,~,.~a~ate~]~.v~’~_~ determined

Vrequentl , such. apl r  h  ’ ll ©ontrolhiig: wat  2pol|utton-  u$ . =
erosion is justified tmpatrment rm~:to n~ qu~$tion~~7~,~..: total content

trolling water water dis-
"pollution" due to " charge. The
the particulate forms of chemical con- forms of metals. Many heavy metals primary problem is that often significant
stituents associated with the eroded tend to exist in aquatic systems in partic- parts of the heavy metals are in
particles. However, the regulatory ulate forms as precipitates as well asparticulate, non-toxic forms. Further, it
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was found that even some of the National Toxics Rule, the Agency available - toxic to aquatic life. The
dissolved forms are non-toxic due to announced in 1993 that it recommend-particulate forms are non-toxic.
complexation, colloid formation, etc. ed that ambient water heavy metals Eventually, the Agency should adopt a
They recommended that heavy metals (arsenic, cadmium, chromium, copper,similar approach for regulating other
be regulated based on toxicity testing,lead, nickel, silver and zinc) be regular-potentially toxic constituents as they
The US EPA, as part of developing their ed based on dissolved forms rather thanhave done for the heavy metals. This is
"red book" of Water Ouali~ Criteria in total recoverable. This was made the technically valid approa.ch that
1976, adopted the NAS/NAE recom- official policy by the Agency in May should be used.
mended approach for regulating heavy1995 (US EPA, 1995) where it fon’nally
metals, adopted dissolved metals as the regula-Water Pollution Control for

In the early 1980’s, however, the US tory approach that would be used by Erosiomal Materials
EPA abandoned that approach in favorthe Agency in those states where the
of total heavy metal content. ThisAgency issues the NPDES permits. In The US EPA’s recent adoption of
change in approach did not representthose states where the authority forambient water dissolved metals as the
any new information that showed thatissuing NPDES permits has beenregulatory approach for limiting the
the particulate fractions of heavy metals delegated to the state, the state can if it heavy metal comeat of point and non-
were toxic. The Agency adopted this wishes implement their water quality point source discharges should signifi-
approach for administrative reasons instandards based on total recoverablecantly change the approach that is used
order to simplify the regulation of heavy rather than the recommended dissolved,to control water pollution associated
metals. In the Agency’s 1986 "gold While the US EPA has not yet with heavy metal inputs. Where in the
book" of Water Oualir¢ Criteria, mention addressed si~/ar issues for other typespast stormwater runoff from urban
is made for the heavy metals that of constituents such as the organics, theareas, highways and rural areas has
implementation of the criteria based on same situation should apply. It is now been "treated" for heavy metal removal
total recoverable heavy metals likelywell-known through the Agency’s and through the use of detention basins
overestimated the impacts of the heavy others’ work in sediment quality criteria and/or various types of filters, in the
metals on water quality, development that only the dissolvedfuture the real efficacy of such

As part of implementing the form of the organic constituent is approaches in controlling water

pollution - use impairment has to beshould be the focal point of determining biomass that develops in the waterbody.
questioned. Such systems typically onlywhether there is need to control the Similarly, it is often stated that
remove the larger-sized particles. The input of erosioual materials beyond thatinorganic turbidity - suspended solids is
potential pollutants associated withpossible by controIat the source. The significantly adverse to aquatic life
these particles, however, are now actual chemical make-up of the particu- through abrasion of gills, etc. However,
acknowledged to be non-pollutants,lates, such as heavy metals, should notit has been found that suspended solids
Therefore, in the future the justification be an issue, concentration of hundreds of milligrams
for the construction of detention basins, In evaluating the-potential physicalper liter or more are needed to be
taters, etc. for water pollution control impacts of erosional materials - adverse to aquatic life. Most aquatic life
should focus on the control of the suspended solids in runoff on receivinghave developed in situations that
erosional materials in order to eliminate waterwater quality, it is important to not routinely experience significantly
any physical impacts that they may haveoverestimate these impacts. While it iselevated turbidity - suspended solids
on the beneficial uses of the receiving often assumed that small amounts ofassociated with storms - runoff events,
waters for the runoff, turbidity which may cause appreciable wind-induced mixing of shallow waters,

Such physical impacts as water discoloration espedally in water- etc. The settling of suspended solids
bodies that have exceptionally clearcan be a significant factor in adversely

*turbidity - discoloration and reduced water, such turbidity does not impacting spawning areas, and coral
light penetration, which may affect necessarily significantly adversely reefs are particularly sensitive to
photosynthesis; impact the planktonic algae in the accumulation of sediment.
-siltation, resulting in sediment accumu-waterbody and therefore the trophic
lation that is adverse to aquatic habitatsfood web. As a result of the authors’ Promcflon Against Advea-se Impacts
such as fish spawning areas and instudies on lakes and resercoirs locatedof Particulam Chemical Consdmtmts
tropical waters coral reefs; in many parts of the world, it has been on Sedimaent Qtmlity
*accumulation of sediment that reduces found that light penetration as measured
the depth of the waterbody to impair by a Secchi depth must be reduced to It is sometimes advocated that there
navigation, promote excessive weedabout one foot bef6re sufficient turbidity is justification to control particulate
growth, impa’.u-, contact recreation, etc. exists to adversely impact the algal forms of heavy metals and other
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potential pollutants based on thesediments. The US EPA and the USit can be shown that the physical
accumulation of these materials in the Army Corps of Engineers have many impacts of the particulates are sigr~-
~ceiving water sediments that would be years of experience in evaluating the candy adverse to the beneficial uses of
~verse to aquatic life that live in and potential for open water disposal of the receiving waters for the runoff. Lee

upon the sediments. It is inappropriatecontamir~ted dredged sediments to beand Jones (1991) and Lee and Jones-Lee
to try to regulate sediment ~tuality issues adverse to the beneficial uses of the(1995a,b,c) have provided further
by requiring that the input of particulate receiving waters in which the dredgedinformation on these issues..
forms of heavy metals be conm~lled by waterway sediments are to be deposited ."
treatment of the runoff waters through outside of the navigation channels. Summa~
the use of detention basins, filters, etc. It These agencies have developed guid-
is not appropriate to assume that partic-ance manuals for evaluation of both Them is significant justification for
ulate heavy metals and, for that matter,freshwater and marine impacts (UScontrolling the erosion of areas based
other constituents in mr, off waters will EPA/COE, 1991, 1994). Lee and Joneson preventing the loss of topsoil and
result in the development of deposited(1992) and Lee and Jones-Lee (1994) scarring of an area. Further, eroded
sediments in the receiving waters thathave provided reviews on the water soils can have significant physical
will be adverse to aquatic life-related quality impacts of dredged sediment impacts on water qual~ in the receiving
beneficial uses of the waterbody. The disposal that have relevance towaters for the erosional materials
ability to reliably predict the fate and evaluating the impact of erosional through turbidity and siltation.
effects of particulate forms of heavy materials on receiving water Generally, relatively high levels of sus-
metals and other constituents in runoffquality. Further, Lee and Jones-Leepended solids are needed to be adverse
waters is limited due to the inability to (1993) have-discussed the approachesto aquatic life, however. There should

be appropriate concern as to whether
- - ¯ ..; .:. the deposition of the erosional materials

in the receiving waters adversdy affects

~he~(~ aquatic life habitat such as fish
.. :.. ~:..~ spawning areas as we!l as impairing the
at the source, use of the waters through sediment
physical impacf.s.~.~.~,; While it is oRen advocated that the
I~n~fici’ai-tises’ ~ecelvmg treatmem of runoff waters containing

-- erosional materials and suspendedwaters"carrymg solids is just~ed from a chemical "poilu-
"""~; ’/’ rant" perspective, such justification is

technically inappropriate. The US EPA’s
reliably determine where suspendedthat should be used to evaluate theadoption of ambient water dissolved
solids in runoff waters will be deposited water quality significance of chemical forms of heavy metals in May 1995 as
in the receiving waters and the chemicalconstituents in aquatic sediments, the regulatory approach that the Agency
transformations that will occur in the There is considerable concernwill use to regulate cemin heavy metals
deposited sediments that wi!l cause thetoday about regulating chemicalf’mally puts into practice what has been
release of constituents that have beenconstituents in urban area, street andknown for over 20 years~t heavy
tmnspo,xed to the sediments on the sur-highway runoff. Part of this concern ismetals and, for that matter, other
faces of particulates. However, there isfocused on the need to regulate theconstituents assodated with particulates
sufficient understanding of these issuesparticulate forms of heavy metals andin runoff waters are, in general, in non-
to conclude that there will be few other constituents in this runoff. While toxic, non-available forms.
instances where a particulate heavyin the past, detention basins and/or The approach of constructing
metal, such as lead, associated withfilters have been constructed for thedetention basins and/or filters to
runoff from a highway would lead to purpose of controlling particulate forms remove particulates from runoff watem
lead accumulation in the receiving waterof heavy metals, etc., such practices arebecause of their potential chemical
sediments that would be significantly technically invalid and can be highly"pollutant" content is technically inap-
adverse to the aquatic life populations inwasteful of public and private funds. Aspropriate. Detention basins and filters
these waters, with erosion from other sources, theshould be used where it is not possible

The approach that should bedevelopment of detention basins and/orto control the erosion at the source in
followed in evaluating whether there is filters for the control of particulate forms order to prevent adverse physical
need to control particulate forms of of constituents associated with highway,impacts of suspended solids on the
heavy, metals and other constituents isstreet and urban runoff that occurs afterbeneficial uses of the receiving waters
through site-specific investigations of the construction activities have beenfor the waters camying the suspended
the characteristics of the receiving water completed should only be done wheresolids. Site-specific investigations
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utilizing biological effect~based testing Lee, G. F. and Jones-Lee, A.,US EPA/COE, "Evaluation of
procedures such as aquatic life toxicity "Contaminated Dredged SedimentDredged Material Prbposed
should be used to determine whetherDisposal Criteria," Proceedings of Ocean Disposal: Testing Manual,
particulate forms of heavy metals and ASCE "Dredged 94" Second E P A - 5 0 3 1 8 - 9 1 100 1, U S
other constituents are potentially International Conference on Environmental Protection Agency -
adversely impacting the beneficial usesDredging and Dredged MaterialsOffice of Water (WI-I-55.6F) and USofawaterbody. ~ Placement, Orlando, FL, pp. 121-Army Corps of Engineers,

130 (1994). Washington, D.C., February (1991).
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